1.
Parameters for GO Flake Atoms Figure S1 shows the GO flake atom types, Table S1 the non-bonded interaction parameters and Table S2 the bonded interaction parameters. The CHARMM force field was used for all interaction parameters.
Figure S1.
GO flake model with non-bonded atom types corresponding to Table S1 .
Non-bonded parameters for GO flakes. Table S2 .
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Bonded parameters for GO flakes.
Finite Flake-Size Effects
The size of GO flakes used in the simulations is limited by computational cost. Consequently, the flakes are much smaller than those in a real GO membrane, which have sizes ~ µm. To investigate the possibility of finite flake size effects, L was varied between 3 nm and 9 nm. The interlayer distance, d, decreases rapidly when L is increased from 3 nm to 5 nm, but converges beyond 5 nm ( Figure S2 ). The initial decrease is due to small discrepancies between L and the size of the GO flakes (chosen to match L as closely as possible), which are not exactly equal both due to the underlying hexagonal structure and edge-functionalisation of the flakes. This effect diminishes with increasing flake size because the ratio of the GO flake area to L 2 converges with increasing simulation size. The data for all of these models are provided in Tables S3 -S9.
Figure S2
Variation of interlayer distance, d, with GO flake size for membranes prepared without water (GO-L-0-d-s). Table S5 . Table S9 .
Model
GO-9-0-d-s.
3.
Rate of GO Flakes Pulling Different rates of GO flake centre-of-mass pulling to z = 0 in step III were also investigated, but no significant differences in the membrane structures were observed for rates less than 0.01 nm ps − 1 . All further GO membrane models were therefore prepared using a pulling rate of 0.01 nm ps − 1 . Table S12 . GO-5-0-d-s prepared with a pulling rate in step III of 0.05 nm ps −1 .
Model

GO Membrane Models Prepared with Water
Data for all hydrated GO membrane models is provided in Tables S13 -S20. Figure S3 shows that the presence of water does not reduce the propensity of GO flakes to aggregate during step III. Figure S3 .
Aggregation of GO flakes during step III (at 0.5 ns) using the same starting configuration for GO flakes but with 0% (left), 10% (centre) and 20% (right) water content. Table S14 . GO-5-10-w-s. aq and g refer to the porosity characterisation for aqueous and gaseous probe molecules, respectively. Table S18 . GO-5-20-w-s. aq and g refer to the porosity characterisation for aqueous and gaseous probe molecules, respectively. Table S19 . .
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N atm Oxygen content (%)
